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INTRODUCTION
As the number of persons surviving to old age
increases, chronic critical leg ischemia (CLI) is a pro-
gressively growing problem.1 The Second European
Consensus Document on Chronic Critical Leg
Ischemia2 estimated the incidence of CLI at 50 to
100 per 100,000 inhabitants per year. CLI is a
remarkable workload for health services and con-
sumes a significant portion of hospital resources.1
Paying parties are increasingly interested in keeping
amputation rates at a minimum since limited
resources are available for health care3 and amputa-
tions are costly.4
The main goal of CLI surgery is to avoid ampu-
tation. Evidence is now accumulating that appropri-
ately performed vascular surgery can reduce ampu-
tation rates, even in patients in their 8th and 9th
decade of life with a reasonable mortality and mor-
bidity.5-7 Recent reports have identified deficiencies
in the delivery of care to patients with CLI.8-11 The
varied published results of arterial reconstructive
surgery are usually ascribed to differences in patient
selection rather than surgical technique.12
The objective of this study was to assess the out-
come of CLI surgery in terms of mortality and
amputation rates, especially in relation to the annual
throughput of CLI operations by vascular surgeons
and hospitals. This study defined CLI by clinical
symptoms of rest pain, ulceration, or gangrene
caused by chronic ischemia based on the opinion of
the surgeon in charge.
MATERIALS AND METHODS
A nationwide vascular registry in Finland,
Finnvasc, began in 1991. All of the five university
hospitals, all of the 16 central hospitals, and the four
largest district hospitals participate in the registry.
Three private hospitals and 18 small district hospitals
do not participate in the registry. According to a
questionnaire in the 18 district hospitals, vascular
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surgery comprises an average of only five embolec-
tomies per year per hospital. Previous publications
have presented details of the Finnvasc registry.13,14
During 1991-94, the Finnvasc registry registered
11,747 surgical vascular reconstructions. During
1991 to 1994, surgeons performed 2296 CLI opera-
tions (Table I). This study included 1761 CLI opera-
tions, which excluded thrombectomies, operations for
acute or chronic ischemia, repeated operations and
operations with additional indications such as various
aneurysms in combination with leg ischemia (Table
II). We excluded acute or chronic ischemia from this
analysis, because it is difficult to differentiate from
acute ischemia in a large cross-sectional survey and
the results of acute ischemia are worse than CLI. This
study included only bypasses, patch-angioplasties and
endarterectomies for CLI. These procedures could be
combined with other procedures such as percuta-
neous transluminal angioplasty (PTA). Of the 1761
CLI operations included in this study, 809 were in
university hospitals, 851 in central hospitals and 101
in district hospitals. Most of the 1761 operations were
bypasses (Table III). Twenty-six cases required an
additional preoperative PTA. Table IV presents the
graft materials used for bypasses.
The mean age of the patients was 70.5 years, 58%
were men and 41% had diabetes. Surgeons used
ankle brachial index (ABI) to assess preoperatively
the severity of CLI. ABI values were not available in
27% of the patients. The mean ABI was 0.40 in all
patients with CLI, 0.46 in diabetic patients and 0.36
in non-diabetic patients. Leg ulceration or gangrene
was the worst preoperative symptom in 61% of the
patients and rest pain in 39%.
Logistic multiple regression analyzed the influ-
ence of factors affecting postoperative 30-day ampu-
tation and mortality rates in CLI surgery. Analyzed
factors were:
• Age
• Sex
• Coronary artery disease (CAD)
• Renal dysfunction (RD)
• Chronic obstructive pulmonary disease (COPD)
• Cerebrovascular disease (CVD)
• Diabetes
• Previous vascular surgery or amputation
• Degree of preoperative leg ischemia
• Procedure type (aortoiliacal, aortofemoral, fem-
oropopliteal, femorocrural, or femoropedal, axillo-
femoral and femorofemoral bypasses and endar-
terectomies)
• Fewer than 20 CLI operations per hospital and
10 per surgeon per year.
Old myocardial infarction, typical angina pectoris
or coronary artery bypass grafting were the criteria
for CAD. Creatinine serum levels constantly >150
m mol/L or dialysis indicated RD. A history of a
transient ischemic attack or a stroke indicated CVD.
Treatment by insulin or oral medication indicated
diabetes, and the recorded diagnosis indicated
COPD. This study chose the cutoff level of 10 cases
per surgeon based on literature11and 20 cases per
Table I. Number of surgical reconstructions in leg
ischemia during 1991-94 based on the Finnvasc
registry
Indication Operations
Acute ischemia 1431
Chronic ischemia
Claudication 2753
Critical ischemia 2296
Table II. CLI patients excluded from the analysis
Operation n 
Reconstructions including trombectomy 209
Lumbal sympathectomies 62
Explorations 48
Operations (other than thrombectomy) for acute on 84
chronic ischemia
Ischemia associated with aneurysm 24
Redo reconstructions 63
Reconstructions with miscellaneous additional indications 45
(congenital av-fistula, renal ischemia, trauma, etc.)
535 of 2296 operations were excluded.
Table III. The distribution of operations for CLI
Operation type Number of operations
All operations 1761
Patch-angioplasties 140
Endarterectomies: 341
-Multisegmental 117
-Unisegmental: 224
-Aorto-iliac 43
-Femoro-popliteal 181
Interposition bypasses: 1526
-Femoropopliteal 671
-Femorocrural 370
-Femoropedal 154
-Aortoiliacal or aortofemoral 183
-Femoro-femoral 137
-Axillofemoral 76
These rates also included combined procedures.
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hospital because it was close to the mean value of
hospital volumes. Survival, leg salvage and patency
rates were calculated with life-table analysis at one
month because longer systematic follow-up is not
available in the Finnvasc registry. Major amputation
was defined as an amputation at thigh or crural level.
The Finnvasc registry used Paradox 4.0 software as
the database program and Statistical Package for the
Social Sciences, Inc., (Chicago, Ill.) for statistical
analysis. This study considered all analyses at a p
value of 0.05 as significant.
RESULTS
The 30-day postoperative occlusion rate was
10.2% after reconstruction for CLI. The corre-
sponding amputation rate was 7.5%, but diabetics
fared worse than nondiabetic patients did with
amputation rates of 10.6% and 5.3%, respectively
(p < 0.005). Thirty-two of the 132 amputations
were done with open graft. Forty-three percent of
the major amputations were above the knee and
57% below the knee. The proportion of amputa-
tions above and below the knee was the same
among low and high volume surgeons and in low
and high volume hospitals. There was no statistical
difference in postoperative amputation rates
between suprainguinal and infrainguinal recon-
struction. The 30-day postoperative amputation
rates were 4.5% and 7.4%, respectively. The 30-day
postoperative mortality was 4.7%.
In multivariate analysis, the factors associated
with high amputation rates in CLI surgery were dia-
betes, preoperative ulcers or gangrene, a surgeon’s
caseload fewer than 10 CLI operations (Fig. 1), a
hospital volume fewer than 20 CLI operations per
year (Fig. 2), and previous vascular surgery or ampu-
tation and type of procedure (Table V). Within the
type of procedure category, femorocrural and
femoropedal reconstruction had a higher risk for
amputation than femoropopliteal reconstruction (p
< 0.005). Surgeon’s caseload and hospital volume
were both significant also in a model that excluded
the other.
Factors predicting higher mortality related to
CLI surgery in multivariate analysis were CAD, RD,
and type of procedure. Within the type of procedure
category, the postoperative mortality rates were 
3.1% in endarterectomies, 9.0% in aortoiliacal or
aortofemoral bypasses, 3.7% in femoropopliteal
bypasses, 3.6% in femorocrural or femoropedal
bypasses, 7.1% in femorofemoral bypasses and 11.3%
in axillofemoral bypasses. Patients with previous vas-
cular surgery or amputation had lower mortality rates
than those without (p < 0.05). Surgeon’s caseload
and hospital volume did not influence mortality rates
in CLI surgery (Table V).
Fig. 1. The association between surgeon’s caseload and amputation rates after surgery for
CLI. Surgeons operating more than 40 operations per four years had lower postoperative
amputation rates (p = 0.01). Each d represents one surgeon.
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Surgeons performing 10 or fewer CLI operations
per year had similar proportions of diabetic patients
and patients with previous vascular surgery or ampu-
tation as those performing more than 10 operations
per year. Furthermore, the severity of the preopera-
tive leg ischemia was similar in these groups.
However, surgeons performing more than 10 opera-
tions per year did crural or pedal bypasses more fre-
quently than surgeons doing 10 or fewer operations
per year (p < 0.001). The proportion of diabetic
patients, patients with previous vascular surgery or
amputation and the severity of preoperative leg
ischemia were similar in high (more than 20 CLI
operations per year) and low volume hospitals (20 or
fewer CLI operations per year), but the proportion
of crural or pedal bypasses was higher in high volume
hospitals than in low volume hospitals (p < 0.001).
DISCUSSION
In a national audit from the British Isles, 66% of
CLI patients admitted to the hospitals were treated
with revascularization, 16% with primary amputation,
10% with medical or minor surgical treatment and
only 8% with symptomatic therapy.11 Reconstruction
for CLI comprises an estimated half of all vascular
surgery.11,15
To save the leg, emergency treatment is necessary
in acute leg ischemia, whereas CLI treatment in some
instances may be delayed for a few days. However,
some patients with CLI may need urgent manage-
ment to prevent progression to gangrene. Delays in
referral, investigation, and treatment of CLI can
reduce the possibilities of successful treatment.2
Unfortunately, patients often are referred to a vascular
surgeon after gangrene has developed and spread.16
Table IV. The graft material used for bypasses
Operation type Proportion of graft materials (%)
In situ vein Ex situ vein Dacron Dacron coated PTFE Combi graft
Femoropopliteal 40 26 1 6 23 4
Femorocrural or femoropedal 55 27 1 1 9 7
Aortoiliacal or aortofemoral — 2 8 71 18 1
Femoro-femoral — 7 15 36 42 —
Axillofemoral — 1 16 18 65 —
Fig. 2. The association between hospital volume and amputation rates after surgery for CLI.
Hospitals where more than 80 operations per four years were done had lower postoperative
amputation rates (p = 0.05). Each d represents one hospital.
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Patients with CLI supposedly have the best pos-
sibility of limb salvage if they receive treatment in a
large vascular center.8,11 When surgeons use all
modern diagnostic methods and surgical and
endovascular procedures to the full extent, they can
revascularize most ischaemic limbs successfully.
Therefore, we should evaluate all CLI patients with
the goal of performing a revascularization.1,17,18
The decision-making process for patients with CLI
is often difficult, so no patient with CLI should be
treated without consulting a vascular surgeon.1,9,19
In units with only one vascular surgeon, this may be
difficult.19,20 We should treat CLI patients in hospi-
tals with adequate resources to ensure an optimal
treatment without undue delay that can jeopardize
the ischemic leg.
Because the goal of CLI treatment is to avoid
amputation, a main measure of treatment efficacy is
the limb salvage rate.21,22 Some reports indicate that
the surgeon’s number of CLI operations, the severity
of ischemia and the site of arterial occlusion are the
major factors in determining the outcome after
surgery.23,24 Limb salvage rates achieved by surgeons
with low annual caseloads of CLI operations are lower
than those achieved by surgeons with high case-
loads.1,11 Harris et al.11 showed that CLI reconstruc-
tion is more likely to succeed and the treatment is
more likely to include some form of endovascular
procedure if surgeons perform more than 10 infrain-
guinal reconstructions annually. The results of this
study agree with their results; surgeons with 10 or
more CLI operations per year had lower postopera-
tive amputation rates than surgeons with lower recon-
struction numbers. One explanation for this phenom-
enon may be that high volume surgeons are more spe-
cialized and work in large centers with better facilities.
Literature now shows that even bypasses to the
foot arteries are worthwhile.25-30 Also, an aggressive
reconstruction policy and units with a high number
of crural or pedal reconstruction are associated with
low rates of major amputations.6,7,10,31,32 These
amputations were at a more distal level and more
likely to precede attempts to salvage the leg.10 High
above-the-knee amputation rates in this study are
due to a lack of resources available for vascular
surgery in Finland and a high incidence of arte-
riosclerosis among Finns. This finding that distal
bypasses to crural or pedal level had a higher ampu-
tation risk than femoropopliteal bypasses agrees with
previous studies.33, 34 It is apparently associated with
the extension of the arteriosclerotic process.34
Hence, if bypasses to crural or pedal arteries are nec-
essary, we must accept inferior results in comparison
to popliteal bypasses. According to the results of this
study, surgeons doing 10 or more CLI operations
per year did significantly more crural or pedal
bypasses than surgeons doing less than 10 opera-
tions per year did. Although surgeons with a high
reconstruction volume had a higher proportion of
crural or pedal bypasses, they still had lower ampu-
tation rates than surgeons with lower reconstruction
numbers.
The severity of ischemia is an important predictor
of postoperative amputations and death rates.24 In
this study, there was also a correlation between the
severity of preoperative leg ischemia and the postop-
erative amputation rates, but the degree of preopera-
tive leg ischemia did not affect mortality rates.
Complications and death after reconstruction for
CLI are common because these patients are often old
and have adverse coexisting diseases.22 Many studies
have associated increased mortality after reconstruc-
Table V. Factors affecting higher risk for 30-day postoperative amputation and mortality in surgery for CLI
End point Risk factor Odds ratio 95% CI p value
Amputation
Diabetes (41%) 2.00 1.31 – 3.05 0.01
Preoperative ulcer or gangrena (61%) 1.73 1.09 – 2.75 0.02
Type of the procedure* 0.01
Surgeon’s caseload fewer than 10 operations for CLI per year (59%) 1.80 1.15 – 2.80 0.01
Hospital volume fewer than 20 operations for CLI per year (37%) 1.49 1.00 – 2.25 0.05
Previous vascular surgery or amputation (35%) 1.62 1.08 – 2.42 0.02
Mortality 
Coronary artery disease (50%) 2.10 1.27 – 3.47 0.01
Renal dysfunction (6%) 2.66 1.25 – 5.68 0.02
Type of procedure* 0.01
Percentage number in parentheses indicates proportion of patients having such a risk factor among 1761 patients with CLI.
CI, confidence interval.
*Confidence intervals could not be determined for the type of procedure, because it consisted of many different procedures.
complications per department or surgeon are often
small, registration of patients and complications may
be incomplete, and the patient mix may vary.34,40 In
an audit of the Finnvasc registry, 19% of all proce-
dures were missing and there was 93% agreement
between the original registry data and refilled ran-
dom sample of the data.41
Because the decision to perform an amputation
after a failed operation can be postponed beyond
30 days, Elfström et al.34 suggested that a postop-
erative amputation rate at 30 days is an inappropri-
ate outcome measurement that should be mea-
sured later. So far, the Finnvasc registry deals with
one-month follow-up results. In evaluating the
overall effect of vascular surgery on patients with
CLI, the one-year outcome may give more reliable
results of the effect of this treatment than the 30-
day results. Thus, according to the pattern of other
Scandinavian registries, extending the follow-up
period to one year has been suggested for the
Finnvasc registry.42-44 Yet, the worsening of the
disease after reconstruction may bias one-year
amputation rates.
In this study, we did not know the number of
CLI patients considered unsuitable for reconstruc-
tion. We know the number of all amputations in
every hospital in Finland (Finnish amputation reg-
istry), but we do not know which patients were
unsuitable for reconstruction in a vascular unit and
sent to a smaller hospital for amputation. Therefore,
the number of all amputations and reconstructions
should be compared in the whole catchment area of
each vascular unit, which will be performed sepa-
rately. In this study, most surgeons were vascular
specialists. Unfortunately, in some large centers the
surgeon’s personal code was incorrectly set into res-
ident category instead of specialist category, and
this ruined the possibility of making any analysis
about the difference in results between specialists
and residents.
This study shows that a surgeon’s caseload and
hospital volume in surgical treatment of CLI are
associated with postoperative amputation rates.
Furthermore, the annual caseload of infrainguinal
reconstructions per surgeon necessary to improve
postoperative amputation rates seemed rather low.
The following surgeons are in charge of data collec-
tion for the Finnvasc Study Group:
University hospitals: M. Lepäntalo and M. Kaarne
(Helsinki); P. Loponen (Kuopio); K. Ylönen (Oulu); J-P.
Salenius (Tampere); A. Rajalin (Turku).
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tion for CLI with risk factors such as diabetes, smok-
ing, cardiac and cerebrovascular atherosclero-
sis.33,35,36 In this study, the presence of COPD,
CAD, and RD and the type of procedure were asso-
ciated with increased mortality. Our finding that
patients with previous vascular surgery or amputation
had lower mortality could be due to the fact that
patients who had problems associated with the first
operation were not exposed to a second operation.
There were no significant differences in mortality
rates between patients treated in hospitals or by sur-
geons with low or high reconstruction volume.
For any comparison between different centers,
one should use similar criteria for CLI because dif-
ferences in patient selection may skew the analysis of
the results.12 Experts recommend pressure criteria
because they include most patients with rest pain or
ischemic lesions.2,16,21,37,38 Yet, it has also been
shown that ABI measurements had no predictive
value when assessing the risk of amputation.39 This
analysis only included patients with ischemic rest
pain, ulcer or gangrene associated with chronic
ischemia, and did not use pressure criteria. We had
no other choice than to use the subjective definition
of rest pain caused by chronic ischemia, because not
all objective methods of consensus documents are
generally available in the Finnvasc registry. In the
Finnvasc registry, only ABI is available, not toe pres-
sures. If we had used any arbitrary ABI as a cutoff
level, the diagnosis would not necessarily be more
exact especially due to high ABI caused by media-
sclerosis. In this study, the mean ABI 0.46 for dia-
betic CLI patients and 0.36 for non-diabetic patients
was slightly higher than those reported in a previous
population based study.11
One possible explanation of variations in ampu-
tation and mortality rates between different centers
is patient selection for arterial reconstruction or
amputation. Good vascular work may explain the
better than average results of CLI reconstruction in
a given center, but the exclusion of high-risk patients
from reconstruction may also achieve this. Primary
amputation is known to be associated with higher
mortality than arterial reconstruction.12 This is
probably due to the fact that surgeons are more like-
ly to offer amputation to high-risk patients than low-
risk patients. Nevertheless, low operative mortality
rates for reconstruction should encourage surgeons
to favor revascularization.12 Comparing the amputa-
tion incidence with vascular activity will disclose the
possibility of a patient selection bias.
Comparing the results of different hospitals and
surgeons is difficult. Annual numbers of patients and
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Central hospitals: J. Lehtonen (Hämeenlinna); T.
Hakkarainen (Joensuu); H. Riekkinen (Jyväskylä); K.
Rissanen (Kajaani); I. Mäenpää (Kemi); P. Nikula
(Kokkola); R. Kivivuori (Kotka); H. Huusari (Lahti); P.
Vilkko (Lappeenranta); J. Tapaninen (Maarianhamina); S.
Kostiainen (Mikkeli); J. Hannukainen (Pori); E.
Forsström (Rovaniemi); P. Kaartinen (Savonlinna); A.
Jaakkola (Seinäjoki); M. Luther (Vaasa).
District hospitals: M. Kaarne (Jorvi); H. Sell (Lohja);
J. Pitkänen (Vantaa); R. Syrjä (Ähtäri). 
We are grateful to the Finnish Society of Angiology for
its financial support, Anita Mäkelä, R.N., for administra-
tive assistance and Jukka Ollgren, M.Sc., for performing
the statistical analyses.
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